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Introduction
Bualo, a triple purpose breed of 
bovine family is popularly known as 
‘black diamond’. It has potential to 
produce high grade meat and meat 
QSPEVDUT 5IFSF BSF  NJMMJPO
numbers of bualoes in the world. It 
BDDPVOUTPGUIFUPUBMQPQVMB-
tion of cattle and bualoes. The total 
bualo meat production in the world 
JTNJMMJPOUPOTDPOUSJCVUJOH
total meat production in the world 
	'"0 
 #VòBMP NFBU IBT HSFBU
export potential and contributes to 
the foreign exchange revenue of the 
exporting countries.
Most of the bualoes are slaugh-
tered at the end of their productive or 
working life and therefore, the meat 
JTEBSLDPBSTFBOEUPVHI/PXBEBZT
with changes in living standards and 
food consumption pattern, consum-
ers demand quality meat with more 
emphasis on tenderness which is often 
not obtained from the aged and spent 
animals. As a consequence, majority 
of the meat is losing its popularity and 
demand. Some quantity of meat pro-
duced is used for the development of 
various comminuted meat products. 
A practical method for improving ten-
derness of such meat to an acceptable 
level would de!nitely increase retail 
value and marketing opportunities. 
Bualo meat has increased tender-
ness compared to beef owing to its 
higher calpain activity in early post-
NPSUFN 	/FBUI FU BM 
 7BSJPVT
post-mortem treatments can appreci-
ably improve tenderness and other 
market- oriented quality attributes of 
meat. Prolonged storage of bualo 
meat in refrigerators signi!cantly in-
creased the tenderness (Kandeepan & 
#JTXBT 
 1MBUF GSP[FONFBU TBN-
ples scored high in texture, juiciness 
BOEBSPNB	4ZFE;JBVEEJOFUBM

Innovative technologies for 
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4VNNBSZ
Bualo meat has great potential to provide nutritional security to a considerable population of the world. Salient characteristics of 
bualo meat make it more suitable for processing into meat products. Tenderization technologies for spent bualo meat will nd 
more utility among the consumers. Domestic refrigeration and freezing signicantly improves the texture, juiciness and aroma of bu-
alo meat. High voltage stimulation signicantly increases myobrillar fragmentation. Preblending with antioxidants extends shelf 
life of ground bualo meat. Vacuum packaging enhances ageing related changes in myobrils. Nisin signicantly inhibits the growth 
of Listeria monocytogenes. Ginger and cucumis improve the tenderness. NaCl and tetra sodium pyrophosphate signicantly increase 
emulsifying capacity and decrease cooking loss. Acetic: lactic acid combination can be used as decontaminant and preservative. Irra-
diation inhibits Pseudomonas and Enterobacteriaceae. Pressure treatment decreases contribution of connective tissue to toughness. 
These innovations will greatly improve bualo meat quality for sustaining production and utilization.
Keywords:Bualo meat, quality, chilling, freezing, electrical stimulation, antioxidants, enzymes, food additives, high pressure, pac-
kaging, irradiation
Innovative technologies for the quality improvement of bu!alo meat
High voltage stimulation signi!cantly 
decreases cohesiveness, increases 
myo!brillar fragmentation (Soares & 
"SÐBT
1SFCMFOEJOHXJUITPEJVN
ascorbate, alpha tocopherol acetate 
and carnosine extended the shelf life 
of ground bualo meat up to 8 days 




enhances ageing - related changes in 
NZPöCSJMT 	4FLBSFU BM 
 *ODSFBT-
ing concentration of nisin at low tem-
perature storage signi!cantly inhibited 
the growth of L. monocytogenes in buf-
GBMP NFBU NJODF 	1BXBS FU BM 

Ginger and cucumis can be used as an 
eective alternative to papain for im-
proving the tenderness of bualo meat 




signi!cantly increased pH, water hold-
ing capacity, emulsifying capacity and 
decreased cooking loss (Anjaneyulu, 
4IBSNB,POEBJBI
BDFUJD
lactic acid combination can be used as 
decontaminant and preservative with-
out aecting the colour and odour of 
CVòBMPNFBU	4VSWFFUBM
*SSBEJ-
ated meat was completely free of Pseu-
domonas spp. and Enterobacteriaceae 
UISPVHIPVUTUPSBHF	/BJLFUBM

High pressure treatment decreased 
the connective tissue contribution to 
toughness of bualo meat (Robert-
TPO FU BM 
 #MBEF UFOEFSJ[BUJPO
can markedly improve the palatable 
characteristics of bualo rumen meat 
	"OOB"OBOEIFUBM

The type of technologies used has 
distinct eects on various physico-
chemical, functional, microbiological 
and sensory quality parameters of buf-
falo meat. This has direct implication on 
the acceptability and marketability of 
the bualo meat and meat products. 
Domestic refrigeration 
To adjust to a fast growing lifestyle of 
urbanization, people hardly !nd time 
to purchase meat daily. Hence they 
purchase meat in bulk to meet their 
daily requirements. This meat is stored 
in refrigerator and consumed in de!-
nite intervals. Refrigerator preserved 
meat undergoes various physicochem-
ical, histological, microbiological and 
sensory changes that may aect the 
meat quality. The deterioration of meat 
quality in refrigerator storage may have 
great impact on consumers’ health. 
5IFEBZGSFF[FSTUPSFECVòBMPNFBU
TIPXFEBQ)NVDI MPXFS UIBO UIF 
day chiller stored meat (Kondaiah et 
BM,BOEFFQBO#JTXBTB

pH increased  signi!cantly with pro-
longed freezer storage due to the fact 
that meat undergoes autolysis result-
ing in decrease in extract release vol-
ume (ERV) and water holding capacity 
(WHC) with increase in pH (Strange et 
BM 
 $IJMMJOH SFTVMUFE JO QPPSFS
WHC than with freezing. The loss of 
WHC in prolonged storage of meat 
may be due to the rate in post mortem 
pH fall, ice crystal formation, high ionic 
strength, protein denaturation, drip 
loss and above all, the bulk of meat 
stored and capacity of refrigeration fa-
DJMJUZ	-BXSJF

ERV of freshly slaughtered bualo 
meat was signi!cantly higher than of 




value in chiller may be due to a com-
paratively higher pH, total plate count 
and increased thiobarbituric acid value 
	4USBOHFFUBM
5#"WBMVFPGGSFTI
bualo meat was signi!cantly lower 
than of chiller and freezer stored meat 
	%BTFUBM,BOEFFQBO#JTXBT
B
 5IF IJHIFS 5#" WBMVF XBT
mainly attributed to oxygen perme-
ability of the packaged meat leading to 
lipid oxidation. 
The increase in tyrosine value dur-
ing chiller and freezer storage may be 
attributed mainly to intrinsic (autolysis) 
changes in meat and partly to bacte-
SJBMBDUJPOEBZTDIJMMFSTUPSFECVòBMP





meat showed a signi!cant drip loss. 
This marked increase in drip during 
prolonged days of storage was due to 
shortening of the sarcomere, increased 
enzyme activity, degree of !bre dis-
tribution and translocation of water 
	3BNTCPUUPN,PPO[

Moisture content of the freshly 
slaughtered bualo meat was higher 
than of chiller and freezer stored meat, 




loss in moisture during refrigeration 
was due to evaporation of moisture 
from meat in chiller (Arief et al.

It was due to sublimation of surface 
water of meat to colder surfaces in vi-
DJOJUZPGUIFGSFF[FS	5BZMPSFUBM

#VòBMP NFBU TUPSFE GPS  EBZT JO
DIJMMFS 	¡$
 TIPXFE B TJHOJöDBOUMZ
lower protein content than freezer 
	¡$
 TUPSFE NFBU 	,BOEFFQBO 
#JTXBTB
5IFMPXFSQSPUFJODPO-
tent of chilled meat might be due to 
increased microbial growth resulted 





signi!cant loss in later days of frozen 
storage might be a result of ice forma-
tion raising the solute concentration in 
the tissue.
During preservation by domestic 
refrigeration (chilling and freezing) 
total lipid content of the bualo meat 
decreased with the increase in storage 
QFSJPE	,BOEFFQBO#JTXBTB
"
marked dierence in chiller might be 
attributed to exposure of strong light, 
as in display cabinets, which accelerat-
ed oxidation of fats causing discoloura-
tion. Lipid oxidation occurred during 
freezer storage of meat was mainly due 
to losses in triglyceride fraction. 
The chiller storage increased but 
freezer decreased the microbial counts. 
The values of odour and "avour scores 
decreased, but texture, tenderness and 
juiciness scores increased signi!cantly 
during prolonged storage. Chiller stor-
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age showed shrinkage and kinking of 
muscle !bres. Contrastingly, freezer 
showed separation of muscle !bres, 
transverse breaks and dierent con!g-
uration of structural damages due to ice 
crystal formations (Kandeepan, Biswas 
1PSUFFO 
 4JYUZEBZTPG GSP[FO
meat increased some of the sensory 
parameters of bualo meat. A storage 
QFSJPE VQ UP  EBZT JO DIJMMFS 	C) 
BOEEBZTJOGSFF[FS	C) would 








UPPLI JOEJSFDU DIJMMJOH 	¡$
h). The reduction in Instron !rmness 
WBMVFT XBT  BOE JO DPIF-
TJWFOFTTWBMVFTUIBUXBTJO
delayed chilled muscles compared to 




vation indicated a de!nite improve-
ment in the texture quality of muscles 
subjected to delayed chilling. However, 
no de!nite trend was observed in the 
values of elasticity, cooking loss and 
water holding capacity of muscles due 
to direct or delayed chilling.
Industrial freezing
Frozen storage life is in"uenced by 
packaging, storage temperature, rela-
tive humidity, moisture loss during 
freezing and variation in the products 
themselves. Susceptibility to oxidative 
rancidity is a major determinant of ef-
fective storage life. Another determi-
nant is the degree of processing, chop-
ping or grinding. Each one reduces 
eective storage life, almost certainly 
by increasing cellular damage and in-
creasing the surface area exposed to 
the deleterious eects of oxygen.
A marginal increase in pH values and 
drip losses were observed in bualo 




were lower in blast frozen samples. 
WHC, cooking losses, thermal shrink-
age and Warner Bratzler shear values 
indicated inconsistent results during 
storage. Similar observations were 
recorded with regard to tyrosine and 
5#" WBMVFT /P TJHOJöDBOU EJòFSFODFT
in the physicochemical characteristics 
were observed between meat cuts and 
minced meat. Plate frozen meat sam-
ples scored higher for texture, juiciness 
and aroma. Both the plate and blast 
frozen meat samples, however, were 
similar in overall quality according to 
taste panel results.
Electrical stimulation
Among dierent methods, electrical 
stimulation has received considerable 
attention and proved most eective 
for improving quality of meat in the last 
few decades. Electrical stimulation (ES) 
produced tenderization of dierent 
carcasses by causing early onset of rig-
or, increasing rate of pH and glycogen 
decline, thereby preventing cold short-
ening induced toughness (Hwang, 
%FWJOF  )PQLJOT 
 .PSFPWFS
ES provides commercial advantage by 
reducing ageing time, guaranteeing 
greater improvement of quality and 
palatability characteristics.
-PXWPMUBHF	7)[QVMTFT
sec) electrical stimulation was found 
eective in improving majority of im-
portant carabeef quality characteristics 
	#JTXBTFUBM
)JHIWPMUBHFFMFD-
USJDBMTUJNVMBUJPO 	VV peak, 
pulses 1 s on/1 sPòHzA) on buf-
falo carcasses resulted in a signi!cantly 
more rapid pH fall in Longissimus dorsi 
thoracis muscle when compared to 
non stimulated controls (p
EVS-
JOHUIFöSTUh after slaughter (Soares 
 "SÐBT 
 5IF IMP/ATP ratio on 
the same period showed a much more 





instrumental evaluation of texture of 
meat cooled by two distinct processes 
TIPXFE UIBU UFOEFSOFTT BU  h post 
mortem was higher in the stimulated 
muscles compared to non-stimulated 
controls, irrespective of the cooling 
process adopted. High voltage stimula-
tion signi!cantly decreases cohesive-
ness, increases myo!bril fragmenta-
tion. SDS polyacrylamide gel electro-
phoresis of the myo!brillar proteins 
showed a weakening of Troponin T 
CBOEEVSJOHdays of ageing in non-
stimulated control muscles, whereas 
electrical stimulation accelerated the 
process of ageing over 3 days.
Electrical stimulation signi!cantly 
lowered the moisture percentage be-
UXFFOBOEISTJOBMMUIFUSFBUFE
HSPVQT 	#JTXBT FU BM 
 " MPXFS
moisture percentage was observed in 
UIF TUJNVMBUFEHSPVQ 	
 JODPN-




 *UNJHIU CF EVF UP
elevation of muscle temperature after 
TUJNVMBUJPO 	#FOEBMM 
 *ODSFBTFE
temperature causes evaporation and 
reduces ability of the muscle to retain 
water to a certain extent, resulting in 
some loss of "uid from muscle. There 
was a non-signi!cant reduction of pro-
tein content in electrically stimulated 
DBSBCFFG	.DLFJUIFUBM
#VUIJHI
WPMUBHF 	 BOE 
 &4 SFEVDFE
the protein content of carabeef. This 
might be due to denaturation and hy-
drolysis of myo!brillar and lysosomal 
structures. Fat percentage signi!cantly 
decreased in carabeef cuts after electri-
DBM TUJNVMBUJPO 	#JTXBTFU BM 
"
clear decrease of raw fat percentage in 
electrically stimulated beef Longissimus 
dorsi muscle was noted (Cross & Ten-
OFOU

Water holding capacity and pH de-
creased signi!cantly in carabeef cuts 
after electrical stimulation (Hwang & 
5IPNQTPO 
 &MFDUSJDBM TUJNVMB-
tion eectively accelerated post-mor-
tem glycolysis as evidenced by low pH 
WBMVFTBUBOEIPVSTQPTUNPSUFN
	#JTXBT FU BM 
 5IF DPOEJUJPO PG
low pH and high temperature in post-
mortem muscle reduce WHC of the 
meat, an eect attributed to denatura-
tion of muscle proteins, particularly 
myosin. Electrical stimulation contribu-
tes to low WHC by accelerating pH de-
cline, though the magnitude of eect 
depends on chilling rate (Strydom et 
BM

Fibre diameter is one of the most 
widely used and reliable indicators of 
tenderness. Fibre diameter signi!cant-
ly decreased in carabeef cuts follow-
ing electrical stimulation (Biswas et al., 

5IF EFDSFBTF PG öCSF EJBNFUFS
in electrically stimulated carabeef may 
be due to the occurrence of massive 
contracture bands created as a result of 
damage to membrane of sarcoplasmic 
reticulum and local leaks of calcium 
ions in electrically stimulated muscles 
	8JMMFUBM 
5IFNFBTVSFPG TBS-
comere length is also related to tender-
ness. Sarcomere length signi!cantly in-
creased in electrically stimulated sides 
PGDBSBCFFGDBSDBTT	#JTXBTFUBM

This increase in sarcomere length on 
electrical stimulation might be due to 
the fact that electrical stimulation caus-
es stretching and tearing of myo!brils 
preventing occurrence of cold shorten-
ing. 
The hydroxyproline content signi!-
cantly decreased in electrically stimu-
MBUFEDBSBCFFGDVUT	#JTXBTFUBM

This might be due to the diminution of 
collagen content in electrically stimu-
lated meat. Furthermore, hydroxypro-
line or collagen is thermolabile and 
undergoes the process of gelation 
resulting in increased tenderness. ES 
increases the muscle temperature as 
IJHI BT ¡$ DPNQBSFE UP ¡$ GPS
similar non-stimulated sides (Bendall, 


Electrical stimulation of bualo car-
casses signi!cantly improved sensory 
UFOEFSOFTT TDPSFT "O BWFSBHF 
increase in tenderness in electrically 
stimulated sides compared to non-




cally stimulated carcasses (Biswas et al., 

*OHFOFSBMFMFDUSJDBMTUJNVMBUJPO
is desirable as meat becomes tender 
at an earlier stage. Similar tenderness 
in non-stimulated muscle may only be 
reached with prolonged ageing. ES had 
a deleterious eect on either bacteria 
themselves or on meat as a growth me-
EJVN	#JTXBTFUBM
"TJHOJöDBOU
decrease in bacterial number due to ES 
was observed (Contreras & Harrison, 

 *U XBT DPODMVEFE UIBU FMFDUSJ-
cally stimulated carcasses would have 
slightly longer case-life than retail cuts 




Meat becomes rancid and browns 
more rapidly due to pigment and lipid 
oxidation. It leads to degradation of lip-
id and protein along with deterioration 
of "avour, texture and nutritive values. 
Ground bualo meat containing 
 QQN TPEJVN BTDPSCBUF IBE TJH-
ni!cantly higher pH, visual colour and 
odour, lovibond tintometer red colour 
units and chroma, lower cooking loss, 
metmyoglobin content and TBARS 
OVNCFS	4BIPP"OKBOFZVMVB

TBARS number was highly correlated 
with metmyoglobin and inversely with 
odour score; visual colour was nega-
tively correlated with metmyoglobin, 
aerobic mesophilic count and psychro-
trophic plate count. Sodium ascorbate 
BUQQNXBTGPVOEUPCFPQUJNVN
level for preblending which extended 
TIFMGMJGFPGHSPVOECVòBMPNFBUGSPN
to 8 days under refrigerated storage.
(SPVOECVòBMPNFBUDPOUBJOJOH
ppm tocopherol acetate had signi!-
cantly extended desired visual colour 
and odour, higher LTCU ‘R’ and chroma, 
lower cooking loss, metmyoglobin 
DPOUFOU BOE 5#"34 6TF PG  QQN
tocopherol acetate for preblending 
extended the shelf life of ground buf-
GBMPNFBUGSPNUPEBZTVOEFSSFGSJH-
erated storage (Sahoo & Anjaneyulu, 
C

Bualo meat samples containing 
BOEDBSOPTJOF TJHOJöDBOUMZ
inhibited metmyoglobin formation and 
brown colour development. Carnosine 
improved meat pH and water-holding 
capacity and lowered cooking loss 
BOEUIJPCBSCJUVSJDBDJESFBDUJOHTVC-
stances values. It also improved desired 
visual colour, odour, higher LTCU ‘R’ and 
DISPNBPGNFBUTBNQMFT6TFPG
carnosine for preblending extended 
the shelf life of ground bualo meat 








sodium chloride was incorporated in 
raw bualo meat mince. Samples of 
the raw meat mince were inoculated 
XJUI3 colony forming units (cfu)/g of 
L. monocytogenesBOETUPSFEBU¡$GPS
EBZTBOEBU¡$GPSI*OJUJBMFT-
timates of pH, extract release volume, 
mesophilic and psychrophilic counts 
XFSFGPVOEUPCFNM¨5 
BOE¨5 cfu/g of meat, respectively 
	1BXBS FU BM 
 5IF HSPXUI PG L. 
monocytogenes in the treated groups 
was signi!cantly (P
 JOIJCJUFE
compared to the control group. The 
degree of inhibition increased with 
increasing concentration of nisin and 
decreasing storage temperature. Ad-
EJUJPOPGTPEJVNDIMPSJEFJODPNCJ-
nation with nisin increased the e#cacy 
of nisin at both storage temperatures. 




A method was developed for im-
proving tenderness and overall quali-
ties of tough bualo meat using plant 
proteolytic enzymes from Cucumis 
trigonus Roxb (Kachri) and Zingiber of-
cinale roscoe (Ginger rhizome). Their 
tenderizing e#cacy was compared 
with the most popular enzyme papain 
	/BWFFOB .FOEJSBUUB  "OKBOFZVMV

¨¨DNDIVOLTGSPNBiceps 
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physicochemical, histological and sen-
sory evaluations. An increase (p

in collagen solubility, sarcoplasmic and 
myo!brillar protein solubility and re-
duction (p
 JO TIFBS GPSDFWBMVFT
were observed in all enzyme treated 
samples compared to control. Electro-
phoretic pattern of muscle proteins 
also revealed extensive proteolysis and 
reduction in number of protein bands 
in all treated samples. Improvement 
(p
 JO øBWPS KVJDJOFTT UFOEFS-
ness and overall acceptability scores 
were observed in all enzyme treated 
samples compared to controls. Ginger 
extract treated meat samples received 
better scores for appearance, "avor, 
tenderness and overall acceptability. 
From these results, it was shown that 
ginger and cucumis can be used as an 
eective alternative to papain.
Food additives
A study was conducted on the ef-
fect on certain quality parameters of 
BEEJOHTPEJVNDIMPSJEF	r
BOEUFU-
rasodium pyrophosphate (1%) to hot 
minced bualo meat (Kondaiah et al., 

5IFFòFDUTPOCVòBMPNFBUXFSF
observed in chilled and frozen condi-
tions. These treatments signi!cantly 
increased pH, water-holding capacity 
(WHC) and emulsifying capacity (EC) 
and decreased cooking loss. Chilled 
and frozen conditions did not aect 
bualo meat quality. Salt additions had 
a greater eect in improving EC of buf-
falo meat. Signi!cant correlations were 
observed among quality parameters.
The eects of sodium pyrophosphate 
(SPP), sodium tripolyphosphate (STPP), 
sodium hexametaphosphate (SHMP), 




chloride on certain quality parameters 
of bualo meat were evaluated (An-
KBOFZVMV 4IBSNB  ,POEBJBI 

The SPP, STPP and phosphate blends 
signi!cantly increased pH, water hold-
ing capacity, emulsifying capacity, 
extractability of salt soluble proteins 
and colour of ground meat. Compared 
to these phosphates, SAPP and SHMP 
had signi!cantly poorer eects on im-
proving the quality of meat. The order 
of eectiveness of phosphates was SPP 
> STPP > SHMP. A phosphate blend 
DPOTJTUJOH PG  TPEJVN QZSPQIPT-
QIBUFrTPEJVNUSJQPMZQIPTQIBUF
BOErTPEJVNBDJEQZSPQIPTQIBUF
was equally eective as that of sodium 
pyrophosphate in improving the func-
tionality of hot and chilled bualo meat 
and had the advantage of reducing the 
amount of sodium by 3%.
Silverside of bualo was cut in 15 
equal sized steaks and divided into !ve 
groups, each group containing three 
TUFBLT 5IF TUFBLT GSPN HSPVQT  
BOEXFSF USFBUFEXJUIBOE
 BDFUJD MBDUJD BDJE DPNCJOBUJPOT
respectively, and the !fth group was 
kept as a control. Similar treatments 
were also given with acetic: propionic 
acid mixtures. The microbial analysis 




riocidal action of the acid mixtures in-
creased with increasing concentration 
but the eect was reduced as the time 
advanced. Both acid mixtures had pro-
nounced antibacterial eect on gram 
negative organisms than gram positive 
ones. The 3% acetic: lactic acid combi-
nation showed reduction in bacterial 
numbers without aecting the colour 
and odour of bualo meat and is recom-
mended for decontamination and pres-
ervation of meat for up to seven days 
BUSFGSJHFSBUJPOUFNQFSBUVSF 	¡$

Bualo meat steaks dipped in dis-
tilled water (control), lactic acid (LA), 
LA + clove oil (clove), or LA + clove + vi-
UBNJO$	7JU$
XFSFEJTQMBZFEBU¡$
illuminated by a standard "uorescent 
MBNQ5IFQ)UIJPCBSCJUVSJDBDJESF-
active substances (TBARS), instrumen-
tal colour (CIE L*, a*, b*), aerobic plate 
counts (APC), psychrotrophic counts 
(PC), coliform counts and sensory col-




that, all the treatments had signi!cant-
ly (P
SFEVDFEUIF5#"34WBMVFT
compared to control. Among treat-
ments, use of LA + clove has exhibited 
signi!cantly (P  
 MPXFTU 5#"34
values throughout display period than 
others. Bualo meat steaks treated with 
either LA + clove or LA + clove + Vit C 
had signi!cantly (P
 MPXFS"1$
PC and coliform counts than control 
or LA treated samples. LA + clove + Vit 
C treated samples maintained signi!-
cantly (P
IJHIFSa* and b* values 
during display as well as the improve-
ment in sensory colour and odour 
than others. The treatment with either 
LA + clove or LA + clove + Vit C ex-
tended the display life of bualo meat 
TUFBLTBU¡$5IFSFXBTBTJHOJö-
cant advantage to using LA + clove or 
LA + clove + Vit C over LA alone.
High pressure treatment
A pressure heat treatment, which 
disrupts the myo!brillar structure of 
meat but leaves the connective tissues 
essentially intact, was used to compare 
the connective tissue component of 
toughness in the Semimembranosus 
and Longissimus dorsi muscles from 




treated samples, the only breed dier-
ence detected was in peak minus initial 
yield force value, which was signi!cant-
ly lower for the beef Semimembranosus 
muscles. However, for the pressure heat 
treated samples of muscles, peak force 
and peak minus initial yield force values 
were signi!cantly lower for beef than 
for bualo. The pressure heat treat-
ment could thus be used to detect dif-
ferences in the contribution of connec-
tive tissue to toughness which would 
otherwise be obscured by the dier-
ences in the myo!brillar toughness.
The eect of broiling and pres-




 TUPSBHF PO UIF QIPTQIPMJQ-
ids of adult male bualo muscles viz. 
Triceps brachii (TB), Longissimus dorsi 
(LD) and Biceps femoris (BF), i.e. from 
three dierent locations were studied 
	,FTBWB3BP,PXBMF
.VTDMFT
diered signi!cantly in their total lipid 
and phospholipid content. Cooking 
methods signi!cantly altered the total 
phospholipid content and its fractions. 
Storage period did not show any sig-
ni!cant eect on total phospholipids 
during refrigerated and frozen stor-
age. Whereas certain phospholipid 
classes viz. lysophosphatidyl choline 
and lysophosphatidyl ethanolamine + 
sphingomyelin increased signi!cantly 
and major phospholipid classes viz. 
phosphatidyl choline and phosphati-
dyl ethanolamine decreased signi!-
cantly. The changes in phospholipid 
classes were similar both in refriger-
ated and frozen samples but relatively 
more pronounced in the former. Pal-
mitic, stearic, oleic and linoleic ac-
ids were the four predominant fatty 
acids in the phospholipids of bualo 
meat. Heat processing signi!cantly 
increased the total saturates in TB and 
LD muscles while it decreased in BF. 
The total monounsaturated and total 
polyunsaturated fatty acids of phos-
pholipids decreased during refriger-
ated and frozen storage indicated by 
a signi!cant decrease in oleic, linoleic 
and arachidonic acids.
Total lipid, cholesterol, free fatty acid, 
glycolipid and glyceride contents in-
creased signi!cantly during the cook-
ing of meat but did not show any 
signi!cant changes during either re-
frigerated or frozen storage except for 
free fatty acid content which showed 
BO JODSFBTF 	,FTBWB 3BP FU BM 

The TBA values also increased during 
storage but not to the extent of indi-
cating rancidity. Cholesterol oxidation 




α-epoxide, cholesterol-β-epoxide and 
an unidenti!ed fraction. All these frac-
tions, except for the unidenti!ed frac-
tion, increased on cooking and storage. 
The cholesterol-β-epoxide fraction 
was resistant to changes. Changes in 
broiled meat were more pronounced 
compared to pressure cooked meat. 
Frozen storage did not prevent the 
development of cholesterol oxidation 
products in bualo meat.
Muscle LD had signi!cantly higher to-
tal lipid content than TB and BF (Kesava 
3BPFUBM
.VTDMFTEJòFSFETJH-
ni!cantly in their esteri!ed cholesterol 
contents. Heat processing increased 
total lipids, cholesterol, Monoglycer-
ides (MG), Diglycerides (DG) and Trig-
lycerides (TG) contents of all the buf-
falo muscles studied. Total cholesterol 
contents remained unchanged during 
refrigerated and frozen storage. How-
ever, EC, MG, DG and TG contents de-
clined during storage. The in"uence of 
anatomical locations on fatty acid com-
position of neutral lipids was observed. 
The ratio of unsaturated to saturated 
fatty acids increased due to cooking. 
Packaging
Storage life of chilled product is in-
creased through the use of systems 
that provide an oxygen free environ-
ment within the package. Both vac-
uum and carbon dioxide packaging 
systems demand packaging materials 
with high oxygen and carbon dioxide 
barrier properties. Under anoxic condi-
tions meat becomes purple red which 
is unattractive to most retail consum-
ers. Consequently retail display pack-
aging systems must provide an aero-
bic environment to allow the meat to 
bloom. 
The eect of modi!ed atmosphere 
packaging of bualo meat on the 
structural parameters viz., !bre diam-
eter, sarcomere length and myo!brillar 
fragmentation index and physical pa-
rameters viz., pH, drip loss and colour 
TDPSFTXFSFTUVEJFE	4FLBSFUBM

The bualo meat was packed under 




days. The results revealed that vacuum 
packed bualo meat had the lowest 
!bre diameter and myo!brillar frag-
mentation index and the highest sar-
comere length, vacuum thus appear to 
enhance ageing. Bualo meat packed 
in modi!ed atmosphere had a low drip 
loss and a desirable colour. The modi-
!ed atmosphere packed and vacuum 
packed bualo meat was acceptable 
GPSVQUPEBZTBU¡$
Radiation
Ionizing radiation has the ability 
to penetrate into the depth of meat. 
Through physical eects, they interact 
with the atoms and molecules that 
make up the meat and also those of 
meat contaminants such as bacte-
ria, molds, yeast and insects causing 
chemical and biological consequences 
that can be utilized in bene!cial ways. 
Although ionizing radiation frequently 
is referred to as high energy radiation, 
the total quantity of energy needed to 
secure the bene!cial eects with mus-
cle foods is relatively small and changes 
in meat or food that could aect its ac-
ceptability usually do not occur. Most 
importantly, there are no residues re-
maining after the process is complete. 
The eect of low dose irradiation 
on the microbiological, chemical and 
sensory qualities of fresh bualo meat 
TUPSFEBU¡$XBTTUVEJFE	/BJLFUBM

.FBU TMJDFT QBDLFE JO QPMZFUI-
ZMFOFCBHTTVCKFDUFE UPrL(ZEPTF
IBEBTIFMGMJGFPGXFFLTXJUIBDDFQU-
able sensory score, low total volatile 
basic nitrogen values and remarkable 
improvement in microbiological qual-
ity. Irradiated meat was completely free 
of Pseudomonas spp. and Enterobacte-
riaceae throughout storage. In contrast, 
the non irradiated control meat spoiled 
XJUIJOXFFLT
Conclusions
Many of the technologies have been 
highly successful at the experimental 
level producing improved bualo meat 
quality. The application of these inno-
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vations in the meat industry has a great 
consequence improving bualo meat 
safety and quality which can enhance 
revenue generation from this trade. 
Conservation of post harvest losses of 
bualo meat and proper utilization for 
the development of meat products will 
be a prudent measure to contain the 
ominous nutritional insecurity in the 
world. 
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Inovativne  tehnlogoije u poboljšavanju kvalitete bivoljeg mesa
4BäFUBL
Bivolje meso ima veliki potencijal u osiguravanju nutritivne sigurnosti značajnom dijelu svjetske populacije. Glavne karakteristike bivoljeg 
mesa ga čine prikladnijim za preradu u mesne proizvode. Tehnologije omekšavanja bivoljeg mesa će biti od veće koristi potrošačima. Čuvanje 
u hladnjaku i zamrzavanje značajno poboljšavaju teksturu, sočnost i aromu bivoljeg mesa. Visokovoltažna stimulacija značajno povećava 
miobrilarnu fragmentaciju. Dodavanje antioksidanata pri miješanju produžuje vijek trajanja mljevenog bivoljeg mesa. Vakuumsko pakira-
nje je dobro pri promjenama vezanim uz starenje miobrila. Nizin značajno sprječava rast bakterije Listeria monocytogenes. Đumbir i krasta-
vac poboljšavaju mekoću. NaCl i tetra sodium pyrophosphate značajno povećavaju emulzijski kapacitet i smanjuju gubitke tijekom kuhanja. 
Acetični: kombinacija mliječne kiseline se može koristiti kao dekontaminant i konzervans. Iradijacija sprječava razvoj bakterija Pseudomonas i 
Enterobacteriaceae. Obrada visokim tlakom smanjuje doprinos vezivnog tkiva na žilavost. Ove inovacije će uvelike povećati kvalitetu bivoljeg 
mesa za održivu proizvodnju i iskoristivost. 
Ključne riječi: bivolje meso, kvaliteta, hlađenje, zamrzavanje, električna stimulacija, antioksidansi, enzimi, aditivi, visoki tlak, pakiranje, 
iradijacija 
Innovative Technologien bei der Qualitätsverbesserung von Bü!el%eisch
;VTBNNFOGBTTVOH
Büel)eisch hat einen großen Potential bei der Versicherung der nutritiven Sicherheit für einen bedeutenden Teil der Weltpopulation. 
Die Hauptcharakteristiken des Büel)eisches machen es geeignet für die Verarbeitung zu Fleischerzeugnissen. Die Technologie des Büel-
)eischerweichens wird zu Nutzen der Verbraucher sein. Das Aufbewahren im Kühlschrank und das Einfrieren verbessern bedeutend Textur, 
Saftigkeit und Aroma des Büel)eisches. Die Hochvoltstimulation vergrößert bedeutend die myobrillare Fragmentation. Durch die Zugabe 
von Antioxydanten bei der Mischung wird die Dauerzeit des gehackten Büel)eisches verlängert. Die Vakuumverpackung ist gut bei der Ver-
änderungen gebunden mit dem Altern von Myofbrill. Nisin verhindert bedeutend den Wuchs von Bakterie Listeria monocytogenes. Ingwer 
und Gurken verbessern die Weichheit. NaCl und Tetra sodium pyrophosphate vergrößern bedeuend die Emulsionskapazität und vermindern 
die Verluste während des Kochens. Acetisch: die Kombination der Milchsäure kann als Dekontaminant und Konservans benutzt werden. 
Iradiation verhindert die Entwicklung der Bakerie Pseudomonas und Enterobacteriaceae. Die Behandlung mit Hochdruck vermindert den 
Beitrag des Bindegewebes zur Zähigkeit. Diese Innovationen werden sehr die Qualität des Büel)eisches für die Erhaltung der Herstellung 
und Nutzbarkeit vergrößern.
Schlüsselwörter: Büel)eisch, Qualität, Kühlung, Einfrieren, elektrische Simulation, Antioxydante, Enzime, Aditive, Hochdruck, Verpackung, 
Iradiation 
Tecnologie innovative nel miglioramento della carna di bufala
4PNNBSJP
La carne di bufala ha una prospettiva promettente nell’assicurare la sicurezza nutritiva alla percentuale signicante della popolazione 
mondiale. Le caratteristiche principali della carne di bufala la rendono molto adatta alla lavorazione nei prodotti di carne. Le tecnologie di 
ammorbidimento della carne di bufala saranno molto utili ai consumatori. Se la carne di bufala viene conservata nel frigorifero o congelata, 
migliorano evidentemente la sua struttura, l’aroma e la percentuale d’acqua nella carne che diventa più saporita.  La stimolazione ad alto 
voltaggio aumenta notevolmente la frammentazione di miobrille. La durata di conservazione viene prolungata se al contempo si aggiun-
gono degli antiossidanti e si mescola la carne di bufala. È utile confezionarla sottovuoto se ci sono degli cambi legati alla maturazione di 
miobrille. La nisina in gran parte impedisce la crescita del batterio Listeria monocytogenes. Lo zenzero e il cetriolo danno la morbidezza. Il 
NaCl e il pirofosfato tetrasodico aumentano notevolmente la capacità emulsiva e causano una minore perdita durante la cottura. Acetici: la 
combinazione dell’acido lattico può essere usata come decontaminante, ma anche come conservante. L’irradiazione impedisce lo sviluppo 
dei batteri tipo Pseudomonas ed Enterobacteriaceae. Sottoposta alla pressione alta, diminuisce il contributo del tessuto connettivo alla per-
sistenza brosa. Queste innovazioni miglioreranno la qualità della carne di bufala con lo scopo di produrla ed usufruirl
Parole chiave: carne di bufala, qualità, refrigerazione, congelamento, stimolazione elettrica, antiossidanti, enzimi, additive, pressione 
alta, confezionamento, irradiazione
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